Abstract.-In this approach to the electronic structure of amorphous and liquid metals, we represent the system by molecular clusters which are embedded in an external potential chosen as a suitable representation of the rest of the system. We have determined the electronic structure of a number of Cu, Zr and Cu-Zr clusters using the self-consistent discrete variational-LCAO approach within local density functional theory. Effects due to deviations from perfect crystalline symmetry are analyzed. Total densities of states used to interpret observed photo-electron spectra are found to show good agreement. Core level shifts and the concentration of conduction electrons are determined. Results are compared with predictions of the Nagel and Tauc theory and with the pseudopotential theory of stability.
I. INTRODUCTION Amorphous and l i q u i d metals share t h e common
feature o f a lack o f t r a n s l a t i o n a l symmetry which makes i n a p p l i c a b l e t r a d i t i o n a l energy band methods f o r determining t h e i r e l e c t r o n i c s t r u c t u r e . By contrast, molecular c l u s t e r methods are a t t r a c t i v e because they do n o t r e q u i r e t r a n s l a t i o n a l symmetry t o s i m p l i f y t h e l o c a l density Hamiltonian.
I n order t o t r e a t b u l k matter, l a r g e c l u s t e r s should be used. However, i f instead of c a l c u l a t i n g the e l e c t r o n i c s t r u c t u r e of free molecules, s u i t a b l e boundary c o n d i t i o n s are applied t o reduce surface e f f e c t s , much smaller c l u s t e r s can be used as charge density. Ye have v e r i f i e d t h a t the overlapp i n g spherical charge model imp1 i e d by the Mu1 1 i ken populations i s near optimal, i n the l e a s t squares sense. The output populations are mixed w i t h the i n p u t populations t o deternine new atomic c o n f i g u ra t i o n s f o r both c l u s t e r and external atoms, and the i t e r a t i o n process i s continued t o convergence.
The embedding p o t e n t i a l which we use has t o Supported by the United States National Science Foundation and the Swiss National Science Foundation.
models f o r t h e bulk. T h i s paper describes our embedded molecular c l u s t e r l o c a l d e n s i t y theory approach t o determining the e l e c t r o n i c s t r u c t u r e of asorphous and l i q u i d metals and presents r e s u l t s obtained f o r a number o f Cu, Z r and Cu-Zr c l u s t e r s .
YETHOD
The s e l f -consi s t e n t one-el ectron l o c a l d e n s i t y model used i n the present c a l c u l a t i o n s has been a p p l i e d t o a v a r i e t y o f atoms, molecules, and s o li d s . The Hamiltonian c o n s i s t s o f t h e usual k i n e t i c energy, Coulomb p o t e n t i a l , and exchange-correlation operators. The exchange-correlation p o t e n t i a l i s taken as a simple function o f the e l e c t r o n i c charge density, w i t h t h e form given by Gunnarsson and
The i t e r a t i o n process s t a r t s from some assumed i n p u t charge density, t y p i c a l l y taken t o be the superposition o f n e u t r a l atoms on l a t t i c e s i t e s . s i n u l a t e t h e a t t r a c t i v e character o f e x t e r i o r atom wells, subject t o the P a u l i p r i n c i p l e c o n s t r a i n t s which prevent the m i g r a t i o n o f c l u s t e r electrons t o l o w -l y i n g s t a t e s on e x t e r i o r atoms. The simple model p o t e n t i a l used here can be w r i t t e n as V=VLD+ Vpp, where VLD i s t h e usual l o c a l d e n s i t y p o t e n t i a l and Vpp i s a parameterized r e p u l s i v e core pseudop o t e n t i a l which truncates e x t e r n a l p o t e n t i a l w e l l s t o a value Vo. The r e s u l t i n g p o t e n t i a l d i s p l a y s the f u l l a n i s t r o p i c bonding character o f the environment, i n c o n t r a s t t o s p h e r i c a l l y averaged models 13 atom c l u s t e r the d -s p l i t t i n g t u r n s o u t t o be g r e a t e r than t h a t found f o r t h e monolayer. As t h e c l u s t e r s i z e increases t h e d -s p l i t t i n g i s seen t o increase and t o approach the bulk band s t r u c t u r e r e s u l t s .
B. Results f o r Cu-Zr Clusters
U n l i k e the case o f c r y s t a l 1 i n e sol ids, each s i t e i n a disordered a l l o y has i t s own d i f f e r e n t p o t e n t i a l . I n our c l u s t e r c a l c u l The f u l l curve corresponds t o a c l u s t e r c o n t a i n i n g 6 Cu atoms and 7 Zr atoms. The broken curve corresponds t o a c l u s t e r w i t h 7 Cu and 6 Z r atoms.
a t i o n s , we f i n d t h a t the c l u s t e r r e s u l t s do n o t depend s t r o n g l y on the embedding p o t e n t i a l . For t h i s reason an averaged embedding p o t e n t i a l can be used. Here we ernp l o y a weighted average of the c l u s t e r s i t e potent i a l s w i t h weights chosen p r o p o r t i o n a l t o the number o f corresponding atoms i n the c l u s t e r . This y i e l d s an embedding p o t e n t i a l which has no n e t o v e r a l l charge. The i n c l u s i o n o f two neighbor s h e l l s p r o v e s t o be s u f f i c i e n t f o r producing converged r e s u l t s , i.e., when a t h i r d neighbor s h e l l i s added, t h e r e s u l t s a r e e s s e n t i a l l y unchanged.

Typical c a l c u l a t e d DOS curves f o r CuZr
The i n c r e a s e o f t h e DOS a t and above t h e Fermi l e v e l i s m a i n l y due t o Z r d -s t a t e s . T h i s can be
i n f e r r e d c o n s i d e r i n g t h e d i f f e r e n t Z r concentrat i o n s i n t h e two c l u s t e r s . T h i s has a l s o been v e r i f i e d by p r o j e c t i n g t h e p a r t i a l DOS. The main peak below t h e Fermi l e v e l i s due t o Cu d -s t a t e s .
I n canparison w i t h pure Cu a s h i f t t o h i g h e r b i n d -
i n g e n e r g i e s i s e v i d e n t . As can be seen from t h e f i g u r e , t h e c l u s t e r c a l c u l a t i o n s a l s o y i e l d a n a rr o w i n g o f t h e Cu d-bandwidth and t h e shape o f t h e Cu d-band becomes more symmetrical i n t h e a l l o y .
B o t h these f e a t u r e s have a l s o been observed e x p e r im e n t a l l y .
I n a d d i t i o n t o t o t a l and p a r t i a l ( b y a n g u l a r momentum and atom t y p e ) DOS, we have c a l c u l a t e d e l e c t r o n charge d e n s i t i e s ( t o s t u d y charge t r a n s f e r ) and core and valence e l e c t r o n energy l e v e l s ( t o s t u d y c o r e l e v e l s h i f t s ) f o r comparison w i t h experiment. Ke have a l s o d e f i n e d a p r o j e c t i o n o p e r a t o r t o determine t h e number o f conduction e l e c t r o n s ,
nc, which i s r e l e v a n t f o r assessing thermal s t ab i l i t y a g a i n s t c r y s t a l l i s a t i o n as w e l l as f o r t h e corresponds t o a Fermi wave number kF which s a t i sf i e s t h e c r i t e r i o n 2k %k where k i s t h e wave F P' P number o f t h e f i r s t peak o f t h e s t r u c t u r e f a c t o r . T h i s i s , a c c o r d i n g t o t h e 7iman t h e o r y o f r e s i st i v i t y , a c r i t e r i o n f o r t h e occurrence o f a n e g a t i v e temperature c o e f f i c i e n t o f r e s i s t i v i t y i n metals. P e g a t i v e temperature c o e f f i c i e n t s have been found e x p e r i m e n t a l l y i n Cu-Zr C71. Furthermore, v a r i o u s a u t h o r s support t h e i d e a t h a t 2kF ?. k p r o v i d e s P a l s o a c r i t e r i o n f o r s t a b i l i t y a g a i n s t c r y s t a l l i s at i o n C8,91. 
Ziman t h e o r y o f r e s i s t i v i t y . T a b l e I shows a comparison o f these r e s u l t s w i t h experiment. Both t h e o r y and experiment show t h a t t h e c o r e l e v e l s o f b o t h a l l o y i n g components t e n d t o s h i f t t o h i
